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3 -5 Such immunological dysfunction is commonly associated with autoimmune mechanisms, and it has been postulated that hypertension in the SHR may result, at least partially, from an autohere is increasing evidence implicating immune system dysfunction in the pathogenesis of hypertension in the SHR. 1 Various immunological disorders have been demonstrated in the SHR, including alteration of lymphocyte immune process. 6 This hypothesis is supported by the fact that anti-rat thymocyte serum, 7 thymic grafts, 8 populations, 2 abnormal mitogen proliferation and suppressor T cell function, decreased delayed-type and chronic immunosuppression by cyclophosphamide 9 treatments reduced blood pressure. Thus, hyhypersensitivity, and the production of thymocytopertension in the SHR might involve delayed-type hypersensitivity and / or production of autoantibodies no such antigenic epitopes have as yet been discov-14-day cycle. For use in functional studies, the T cell lines were used after the second expansion phase, ered. In the present study, we have used arterial antigen-reactive T cell clones in conjunction with SDS-where adequate numbers of cells could be generated. PAGE immunoblotting for the investigation and analGeneration of IL-2 Dependent T Cell Clones In orysis of the nature of immunoreactive protein compoder to carry out a more detailed analysis of the T cell nents of the arterial walls that contribute to immunoresponses to the arterial antigens ( AA ) of different mogenicity.
lecular weights, T cell clones were generated from IL-METHODS 2 dependent T cell lines by limiting dilution analysis ( LDA ) at 0.3 cells / well as previously described. 12 The Animals Animal care and use were approved by the LDA was performed in 96-well, round bottomed microAnimal Care and Use Committee at the Masonic Medititer plates in the presence of 10 5 syngeneic mitomycincal Research Laboratory, Utica, NY. Male SHR rats aged c (50 mg/mL) spleen cells as filler cells in RPMI 1640 28 weeks were obtained from Taconic Farms ( Germanmedium containing 10 units /mL of rIL-2 and 100 ng / town, NY ) . Rats were housed three to a cage and mainmL of anti-CD3 mAb. Control wells contained 10 5 syntained on Purina ( St. Louis, MO ) rat chow and water geneic mitomycin-C treated cells in 0.2 mL of RPMI ad libitum. The animal room was maintained at 22ЊC 1640 medium alone. In all experiments, 24 replicate culwith automatic 12 h on and 12 h off light cycles and tures were set up for each cell concentration. The culwith 10 air changes / h. tures were fed on day 7 by replacing 0.1 mL of growth Isolation of Lymphocytes from Spleen Spleens were medium with fresh rIL-2 containing medium. After a aseptically removed and single cell suspensions were further 7 days in culture, the microwells were microobtained by mincing spleens with scissors and gently scopically scored for growth. The clones were expanded pressing the fragments through a 100 mm stainless steel and maintained by addition of fresh IL-2 every 3 days, mesh. The resulting cell suspension was layered onto and filler cells together with 100 ng /mL of anti-CD3 Ficoll-Paque gradient ( Pharmacia LKB Biotechnology, mAb every 7 days. At no time were the clones exposed Piscataway, NJ ) at a ratio of 2 mL of cell suspension to to specific antigens except in proliferation assays. Be-1 mL of the gradient and centrifuged at room tempera-fore use in proliferation assays, the T cell clones were ture ( 25ЊC ) for 20 min at 400 g. The lymphocytes were rested, that is, not stimulated with feeder cells / antiharvested from the Ficoll-medium interface, washed CD3 mAb for 14 days. The phenotype of the T cell and resuspended in RPMI 1640 containing 10% fetal clones was then determined by flow cytometry. Such an bovine serum ( FBS ) ( Gibco BRL, Grand Island, NY ) , approach has successfully been used to generate stable 20 mmol / L HEPES, 2 mmol / L L-glutamine, 100 mg/ long-term IL-2 dependent T cell clones from spontanemL penicillin, 100 mg/mL streptomycin and 5 1 10 05 ously hypertensive rats. 12 mol / L 2-mercaptoethanol ( 2-ME ) . The resultant lymPreparation of Arterial and Control Antigens Aortas phocytes were counted and viability assessed by trypan and livers were aseptically removed from adult ( 18 blue dye exclusion. Routinely, viability is usually week old ) SHR, minced with scissors, and suspended greater than 98%. The cell concentration was adjusted in 10 mL of phosphate-buffered saline ( PBS ) , as preto 2 1 10 6 for functional studies. viously described 13 with some modifications. They Isolation of In Vivo-Activated Interleukin-2 (IL-2) were then mechanically homogenized with an electric Responsive T Cell Lines IL-2 has been used to selec-homogenizer until no intact cells could be observed by tively expand a population of T lymphocytes activated phase microscopy. The homogenate was sonicated for in vivo at inflammatory sites of autoimmune diseases, 10 min at 140 W and then centrifuged for 60 min at and the cells have been shown to conserve their speci-100,000 g in an ultracentrifuge ( model L8-M; Beckman ficity and function. 11 In an effort to isolate activated Instruments, Palo Alto, CA ) at 4ЊC. After determining antigen-reactive, IL-2 responsive T cells that might be the protein concentration, the antigen was aliquoted at of pathogenetic importance in hypertension, spleen 100 mg/mL and lyophilized. A liver extract served as cells ( 2 1 10 6 /mL ) were cultured in RPMI 1640 me-control antigen and was treated in a similar fashion. dium supplemented with recombinant human IL-2 ( 10 For use in T cell proliferation assay, an aliquot of the U /mL ) . After a 7-day expansion in culture, the prolif-lyophilized material was reconstituted with 1 mL sterile erating T cells were layered on Ficoll-Paque density PBS. gradient to remove dead cells. The T cell lines were maintained by a regimen of 14-day stimulation with Proteolytic Digestion of AA Proteolytic digestion of AA was performed by incubating 1 mL ( 2 mg /mL ) of mitomycin C ( 50 mg/mL)-treated spleen cells and 100 ng /mL of anti-CD3 mAb, followed by IL-2 dependent AA with 1 mL of either the agarose alone or 1 mL ( 10 units ) of proteinase K-agarose at 37ЊC for 4 h. The expansion phase. Using this approach, the T cells could be expanded 20 times their number in the course of the suspension was centrifuged at 20,000 g for 20 min and / 2e17$$2211 04-11-97 17:08:01 eajha EL: AJH the supernatant was collected. After determining the maintenance of the IL-2 dependent T cell clones is already published. 12 The goal of the present study was protein concentration, the supernatant was aliquoted at 100 mg/mL and lyophilized.
to characterize the immunodominant arterial wall -associated antigens that trigger or perpetuate inflammaPreparation of Immunoblots Proteins in arterial antitory responses in the arteries of hypertensive rats. This gen samples were analyzed by sodium dodecyl sulfate was achieved by using AA-reactive T cell clones and ( SDS ) polyacrylamide gel electrophoresis ( SDS-PAGE ) lines to identify the immunoreactive proteins of the arand by immunoblotting. For SDS-PAGE analysis, 100 terial wall complex. A total of 24 CD4/ T cell lines and mg of AA was boiled for 4 min in sample buffer com-20 CD4/ T cell clones were generated from 6 adult prising of 500 mmol / L Tris-HCl ( pH 6.8 ) , 100 mmol / SHR spleens using IL-2 receptor expression of in vivo L dithiothreitol ( DTT ) , and 0.05% of bromophenol blue activated T cells. containing 0.02% SDS. The AA preparation was then electrophoresed in 10% polyacrylamide gels and Reactivity of IL-2 Dependent T Cell Lines to Nitrocelstained with Coomassie blue. For immunoblotting, the lulose-Bound AA To determine whether T cells in separated proteins were electrotransferred for 1 h at 15 spleens of SHR have been activated by AA in vivo durvolts onto nitrocellulose filters ( Bio-Rad Labs., Rich-ing the hypertensive process, we expanded T cells obmond, CA ) using a Bio-Rad trans-blot semidry appara-tained from SHR spleens in the presence of IL-2, in tus in a transfer buffer consisting of 48 mmol / L Tris the absence of added AA, in order to select for T cells base, 39 mmol / L glycine, 1.3 mmol / L SDS, and 20% activated in situ to express IL-2 receptors. Of the 24 T methanol, pH 9.2.
cell lines tested, four T cell lines proliferated in response to AA supplied either as soluble antigen or in the form Proliferation Assays With Antigenic Fractions of AA of antigen bound to nitrocellulose. Table 1 shows a rep-AA was subjected to SDS-PAGE and transferred to niresentative experiment demonstrating proliferation of trocellulose as described above. The nitrocellulose paa T cell line derived from SHR spleen. A higher concenper was then cut into strips and antigenic suspensions tration of nitrocellulose-bound AA was required to of the various fractions prepared according to the stimulate an equivalent response to that obtained with method of Abou-Zeid et al.
14 Briefly, the nitrocellulose soluble AA. The T cell line failed to respond when filter paper was cut into 20 mm strips and placed in a tested with an irrelevant antigen myelin basic protein glass vial. The strips were dissolved in 250 mL of DMSO ( MBP ) , which confirmed the specificity of the T cell for 1 h at 25ЊC. The proteins were recovered by precipilines from the spleens of SHR ( Table 1 ) . No proliferatating the mixture in an equal volume of 50 mM bicartion was obtained in the absence of APC, and the nitrobonate buffer, pH 9.6, while vigorously vortexing. This cellulose devoid of AA was not mitogenic. procedure converts the nitrocellulose into fine antigenbearing particles. The precipitate was washed three Reactivity of IL-2 Dependent T Cell Clones to Nitrotimes with PBS and resuspended in 1 mL of plain RPMI cellulose-Bound AA In order to identify the molecu-1640. The suspension was divided into 100 mL aliquots lar weight ( M r ) of the AA component stimulating the and stored at 070ЊC until use. For proliferation assays, proliferative response of the T cell clones, AA was sub-10 mL of the suspension was added to the T cell clones jected to SDS-PAGE and, following transfer to nitrocelcultures as described above. A particle suspension of lulose filters, the different antigen fractions were tested nitrocellulose, devoid of any antigen, was similarly pre-in proliferation assay. Figure 1 shows the response of pared and used as control. After 72 h incubation, the eight T cell clones to six antigenic fractions of AA. The cultures were labeled with 1 mCi of 3 H-TdR ( Amersham results are expressed as the average { standard error Corp., Arlington Heights, IL ) for 18 h, harvested onto of the mean ( SEM ) of the proliferative responses of glass-fiber filters, and the radioactivity measured in a eight T cell clones tested against each of the six antiBeckman liquid scintillation spectroscopy. A clone was genic fractions. The results are presented this way beconsidered to be AA-reactive if the mean counts per cause of considerable overlapping values. All the clones minute ( cpm) exceeded the cpm { 3 standard devia-proliferated in response to soluble AA. When the inditions ( SD ) of T cell clones plus APC. 15 vidual nitrocellulose-bound antigen fractions were tested, only three antigenic fractions corresponding to Statistical Analysis Differences among groups were 66 kDa, 55 kDa, and 45 kDa induced a significant prolifevaluated by the Student's t test for unpaired or paired eration in the clones, with the most potent stimulatory variables. All data are expressed as mean counts /min activity residing in the 66 kDa antigen. Neither of the { SEM, and P õ .05 was accepted as a statistically other antigenic fractions nor the nitrocellulose filter significant difference.
alone exhibited such a stimulatory effect. No prolifera-RESULTS tion was observed in the absence of APC. Positive results ( proliferation ú 1000 counts /min ) were obtained reactive T cell clones tested, four ( A1, B3, B8, and D5 ) be immunodominant in cell-mediated immune response in hypertension, it was important to characterize reacted with a protein of M r , 66 kDa and two clones ( A4, C9 ) reacted with a protein of M r , 50 kDa. The the nature and stability of the inherent epitopes recognized by the AA-reactive T cell lines. As shown in Table  other 12 However, very little is known about the components of the arterial wall that trigger cell-mediated immune responses in SHR. Ebringer and Doyle 10 suggested that the elevated blood pressure chronically damages the vessel wall, which in turn exposes otherwise hidden components of the arterial wall and ultimately induces the production of autoantibodies. However, no such antigenic epitopes have yet been discovered. This study was designed to characterize the antigenic epitopes associated with the arterial wall using arterial antigen-reactive T cell clones.
The known immunologic activities associated with the components of the arterial wall are fundamental to understanding the immune responses to AA, and may ultimately have relevance in the design of therapies for immune intervention. Our data clearly indi- In this method, proteins are separated by standard SDS-PAGE, and after transferring to nitrocellulose, individual molecular weight fractions can be tested for their ability to stimulate T cell clones. In the present study, we have applied this SDS-PAGE immunoblot- recognized with the highest frequency, and that both AA-specific and the cross-reactive epitopes were present on the 66 kDa protein. Studies with nonreducing tension is unknown, it is presumably present on the gels indicated that the 50, 45, and 30 kDa antigens arterial wall. This hypothesis is supported by inwere not disulfide-linked subunits of a larger protein. creased T-cell reactivity 13 and autoantibody produc-T cell clones that recognized single epitopes present tion 16 against human arterial antigen in patients with on the 50 kDa and 45 kDa antigens did not react with essential hypertension. In a previous study, 17 we have larger proteins when transferred to nitrocellulose, demonstrated the presence of circulating antibodies reactive with arterial antigen in young SHR before the suggesting that they are not breakdown or autolytic 
